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AbstI・aCt  
Propofolisashort・aCtingintravenousanestheticagent．Dexmedetomidine，ahighly  
Selective（12‾adrenerglCreCeptOragOnist，Showswell－knownsedativeeffect．Bothagents  
Showcytoprotectivepropertyonanervoussystemundertheischemicstate．Recently，  
thecombinationofbothagentsisusedforsedationofmechanicallyventilatedpatients  
in anintensive care unit，however there arefew experiment uslng Cells regarding  
PrOteCtive e鮎cts oft，he combination ofpropofo1and dexmedetomidine．Meanwhile，  
intraoperativebrainischemia．reperfusioninducesendoplasmicreticulum（ER）－StreSS  
mediatedapoptosis．Theaimofourpresentstudyistoclarifymoleculardetai1softhe  
neul．OPrOteCtion with the combination ofpropofo1and dexmedetomidine against the  
thapsigargin（TG）・inducedER－StreSSinSH・SY5Ycells，andwhetherthecombination  
assllredmoreefficientneuroprotection．  
WeusedTGtogenerateER・StreSSinhumanneuroblastomaSH－SY5Ycells．Cellswere  
Pretreated with propofolor dexmedetomidine，Or the combination ofpropofbland  
dexmedetomidineforlhour befbre co－treatment With TGfor20hours．TG・induced  
apoptoticcellssigni丘cantlyincreased［Ca2＋］i，CaSPaSeaCtivations，andtheexpressionsof  
ER－StreSSbiomarkers，Theincreasein［Ca2＋］iandtheinductionofER・StreSSbyTGwere  
Suppl・eSSedbypretreatmentwithpropofolordexmedetomidine orthecombinationof  
PrOPO丘）1anddexmedetomidine．ThereductionofcaspaseactivitiesandtheER・StreSS  
biomarkerswithdexmedetomidinewereinhibitedbypretreatmentwithα2inhibitor．  
These suppressive e鮎ctsofdexmedetomidine werepromoted bypretreatmentwith  
CAMPinhibitor．Treatment with the combination ofpropofo1and dexmedetomidine  
＄howedthestrongestprotectionagalnStTG・inducedapoptosis．  
TlleSereSultsdemonstratethatthecombinationofpropofo1anddexmedetomidineat  
Clinically relevant concentration suppressed the ER－StreSSinduced apoptosisin  
neuroblastoma SH－SY5Yce11s．Itis suggestedthatthe combination ofpropofoland  
dexmedetomidinewithinclinicallyrelevantconcentrationmaybeusedsafelyinpatients．  
Ⅹeywords：neuroprotection，PrOPOfo1，dexmedetomidine，ERstress・mediatedapoptosi＄，  
thapslgarglm   
Int，rOduction  
Inthe2013ClinicalPracticeGuidelineForManagementofPain，AgitationandDelirium  
in Adult PatientsinIntensive Care Unit，nOnbenzodiazeplne・based sedation and  
adequateanalgesiawererecommended topreventagitationanddelirillm，Propofo1and  
dexmedetomidineareknownthattheyhavelessagitationanddelirium，  
Agitationanddeliriumareassociatedwithmol・talityandmanyadverseevents，SOWe  
needtopreventtheml），Strategiestoreduceunwantede脆ctsofanestheticagentsare  
important．  
Propofo1，aGABAagonist，isshort－aCtingintravenousanestheticagentandused  
foranesthesiaandsedationbuthasnoanalgesicaction．Ithasapreferredsedativein  
intensivecareunit（ICU）becauseito脆rsadvantagesoverbenzodiazepinesinregardto  
lackofaccumulation，raPidonset，andrapidl・eCOVeryafterwithdrawal．Adversee飴cts  
Of propofo1were reported hypotension，bradycardia，reSPlratOry depression，and  
hypertriglyceridemia．Furthermore，itisknownprolonged use ofhighdose propofo1  
causespropofo1infusionsyndrome（PRIS），SOPrOlongeduseofhighdosepropofolshould  
beavoided2）．  
Propofoldoes not provide sufncient analgesia，SO the combination with an  
adjuvantagenttoenhancetheanalgesiaisrequired．Furthermore，PrOpOfo1hasadose－  
dependentlycardiodepressivee脆ct3）．Forreasonsofconcern，prOPOfo1isusuallyused  
incombinationwithotherdrugswhichhaveadequateanalgesia4）．  
Dexmedetomidineisahigh1yselectivecL2－adrenergicreceptoragonistwithboth  
Sedative and analgesic properties and devoid of respiratory depressant e鮎ct5）．  
Dexmedetomidine presents an alternative to the GABA agonistsforICU sedation  
therapy．In addition to sedation，dexmedetomidine reduces concurrent analgesic  
requirements while maintaining patient’s arousability without compromising  
respiratory drive6）．Propofo1and dexmedetomidine haveless agitation and delirium  
COmParedwithbenzodiazeplne，SOthecombinationofpropofo1anddexmedetomidineis  
usedforsedationintheICUtokeepspontaneollSreSPirationandadequatesedativelevel．  
Severalstudies have reported that dexmedetomidineinfusion significantly spal・eS  
PrOPOfolreq111rementSduringtheinductionandthemaintenanceofgeneralanesthesia7）．  
Therearemanyl・epOrtSthatpropofo1hasneuroprotectiveeffbctsagainsttl・aumaand  
ischemic conditions8・9）．We previouslyl・ePOl・ted pl・OPOfolhas neuropl・OteCtive e鮎cts  
against ER・StreSS mediated apoptosislO）．Besides dexmedetomidineis well・prOVen  
Sedativee鮎ct＄，eVidencewasindicatedthatdexmedetomidineexertsacell－prOteCtive  
effbctonnel・VOuStissueunderischemicconditionll）．Recently，thecombinationofpropofo1  
anddexmedetomidineisusedforsedationofmechanicallyventilatedpatientsintheICU．   
However，therelativebene丘tsandharmbetweenthesetwodrugsremaincontroversial．  
Furthermore，therearefewexperimentsuslngCellsregardingneuroprotectivee飴ctsof  
thecombinationofpropofblanddexmedetomidine．  
Meanwhile，intraoperative brainischemia－reperfusion causes ER－StreSS tO  
decreaseglucose，energy，andERCa2＋，andtheninducesapoptosis，Invasiveincidents  
SuChasischemiaorhypoxiainducenotonlychangesinrespiratory，Circulatory，and  
nervoussystemsinthewholebodybutalsodamagetoindividualcells．－Ischemiaafter  
SurgeryCauSeSER・StreSSandleadstorapidactivationoftheunfo1dedproteinresponse  
（UPR）12）・  
The aim of our present studyis to clari＆ molecular details of the  
neuroprotectionwith the combination ofpropofo1and dexmedetomidine againstthe  
thapsigargin（TG）－inducedER－StreSSinSH－SY5Ycells，andwhetherthecombination  
assuredmoreefBcientnellrOprOteCtion．   
MaterialandMethods  
〃J叫ト．・川l／J＝ざ川Jメ  
Propofo1  （2，6．diisopropylphenol），  dexmedetomidine （5・［（1S）・1・（2，3・  
dimethylphenyl）ethyl］・1H－imidazole，hydrochloride），TG，and Dulbecco’s modified  
Eagle’smedium（DMEMHam’sF－12）werepurchasedfromWakoCo，（Osaka，Japan）．  
Fetalbovine serum（FBS），atipamezole and2’，5’一dideoxyadenosine（ddAdo）were  
purchased丘omSigma－AldrichCo．（MO，USA）．Antibiotic・antimycotic（PenicillinG、  
Streptomycin，AmphotericinB）wereobtained魚・Omlifeteclm0logy（USA，CA）．  
Allother chemicals usedin this experiment were the purest grade commercial1y  
available．  
（■lイ／ぐ〃／川代・．・川・古山町JルノIJ仙・〟／  
SH－SY5Y cells（human neuroblastoma，EC－94030304）were obtained from‘，The  
EuropeanCollectionofCellCultures”（ECACC，London，UⅨ）．Cellswereculturedin  
I）MEMHam’sF－12containinglO％FBSandAntibiotic．Antimycoticsolutionsodium  
andmaintainedinhumidifiedatmosphereof5％CO2and95％airat37Oc．Forst11dies  
one鮎ctsofTG，CellswereincubatedinDMEMHam’sF・12withorwithoutTG（usedas  
acontrol）for20・ho11rS．TheSH・SY5YcellsareknowntobesensitivetoTGtreatment13），  
and cellsinduced apoptosis after prolonged exposure．Furthermore，We preViously  
reportedthatER・StreSSWaSinducedbylpMTGtreatmentinSH・SY5YcellslO）．Cells  
werepretreatedwithpropo丘〉1（1，5，10pM）ordexmedetomidine（1，10，100，1000nM）ol・  
the combination ofpropofo1and dexmedetomidine（prop＋dex）forl－hour before co－  
treatmentwithlpMTGfor20．hours．AtipamezoleO．311M（cL2－adrenoceptorinhibitor）  
orddAdolOOpM（adenylylcyclaseinhibitor）wasincubatedforlOminbeforetreatment  
Withpropofolordexmedetomidineorthecombinationofprop＋dex．Alltreatmentswere  
carriedoutundersterileconditions，  
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Activities of caspase・3 and・4wel・e determined nuol・Ometrically with respective  
Syntheticpeptidesubstrates．  
SH・SY5Y cells wereincubated with pretreated with propofo1（1，5，10pM）or  
dexmedetomidine（1，10，100，1000nM）orthe combinationofprop＋dexforlhour  
fbllowedbytreatmentwithTGfor20・hours．Afterincubation，thecellswererinsedwith  
coldPBSandre・SuSPendedinchilledcelllysisbuffbr（CellsignalingTbchnologyInc．，MA，  
USA），incubatedforlOminsonice，Then，thesupernatantswereaddedtoareaction   
buffercontaininglOpMdithiothreitol（Medical＆BiologicalLaboratoriesCo．Ltd．，Aichi，  
Japan）andrespectivespecificpeptidesubstrate，afterthatincubatedat370cfor2houl・S．  
Substratesusedforcaspase・3（KamiyaBiochemicalCompany，Seattle，Ⅵ仏，USA）and  
caspase・4（BioVision TbchnologyInc．，叩，USA）wereAsp－Glu－Ⅵ1l－Asp－7－amino－4－  
trifluoromethy coumarin（DEVD－AFC）and Leu－Glu－Ala・Asp・AFC（LEVD－AFC），  
respectively．AFCreleasedbyenzymereactionwasmeasuredspectrophotometrica11y  
Withanexcitationwavelengthof405nmandanemissionwavelengthof505nmwith  
SpectraMax340i3（MolecularI）evice，CA，USA）．  
SupernatantSWereCOllectedandpl・OteincontentdeterminedbyBio・RadProteinAssay  
usingbovineserumalbumin（BSA）asa＄tandard．  
．1．ヾ叫卜一日ー／こ〃／りい…■一∧・！いJJりけ■小イJ川■／／ハ／り  
AftertreatmentwithTGfor20．hourswithlhourpretreatmentwithpropofol（1pM）or  
dexmedetomidine（1，10，100nM）orthecombinationofprop＋dex，Cellswereextracted  
With a cold cel11ysis bu鮎r and sonicated with an ultrasonic celldisruptel・．For  
quantitative determination ofCHOPin SH－SY5Ycellslysates，ELISAkitfor DNA  
damageinducibletranscript3（CHOP）（UscnLifeScienceInc．Wuhan，China）wereused．  
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Tb examine the phosphorylation activity ofeIF2〔l，We uSed eIF2cL ELISAkit（Cell  
SignalingTbchnology，Inc．MA，USA）．SH－SY5Ycells（1Ⅹ106cells／ml）werepretreated  
withpropofo1（1pM）ordexmedetomidine（1，10，100nM）orthecombinationofprop＋dex，  
forl－hourfo1lowedbytreatmentwithTGfor20・hours．Cellswere丘Ⅹedandblockedas  
directedinthemanual，andincubatedwithanti－Phospho－eIF2cL（Thr183／Tyr185）oranti・  
eIF2qwhichareincludingthiskit．Thentheywereexaminedspectrophotometricallyat  
405nmwithSpectraMax340pc（MolecularDevicesCo．，CA，USA）．  
．1Åヾtl・イ√十一イム・．・t．1J／一い．・トIJ／り左・l－イ  
TbexaminetheconcentrationofcAMP，WeuSedCyclicAMPELISAkit（Caymanchemical  
company，MI，USA）．  
SH・SY5Ycellswereincubatedwithpretreatedwithpropofo1（1pM）ordexmedetomidine  
（1，10，100nM）orthecombinationofpropofo1anddexmedetomidine（Prop＋I）ex）forl・  
hourfo1lowed by treatment with TGfor20・hours．Aftel・SH・SY5Y cells were pre．  
incubated with atipame2．01e，forlO・minutes before treatment with pl・OPOfolor  
dexmedetomidine，meaSurement Of cyclic AMP was underwentin accordance with  
protocol．   
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Levelsof［Ca2＋】iwereanalyzedusingaFLIPRCalcium5AssayKit（MolecularDevices，  
Inc．，CA，USA）．SH．SY5YcellswereloadedwithFLIPRreagentdilutedin Hank，s  
balancedsaltsolution＋20mMHepesbu鮎r（pH7A）forl・hourat370C．  
AfEerSH－SY5YcellswereincubatedwitllFLIPRreagent，Changesinthe【Ca2十］iWere  
measured by monitorlng the fluorescence signals of FLIPR with an excitation  
WaVelengthof485nmandanemissionwavelengthof525nmwitlltheMetaXpress  
ImageAcquisition（MolecularDevicesInc．，CA，USA）．  
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Eachmeas11rementWaSrePeatedthreetimes．ResultsalleeXPreSSedasthemeanj＝  
standarderrorofthemean（S．E．M．）．Comparisonofthee飴ctsofvarioustreatments  
with thosein the untreated controIcells was performed with one・WayANOVAand  
I）unnett’sastheposthoctest．Differenceswithp・ValuesoflessthanO．05wereconsidered  
Statisticallysigni丘cant．   
Results  
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TG－inducedERstressmediatedapoptosiswasdetectedbycaspase・3activities．（Fig，1）  
In SH－SY5Ycells，neither treatmentwithpropofo1（1，5LLM）nor treatment with  
dexmedetomidine（1，10，100nM）induced any significant difEbrencesin caspase・3  
activity．However，Whenincubationwithpl・OPOfo1（10トLM）ordexmedetomidine（1000  
nM），CaSPaSe・3activitysigni丘cantlyincreasedcomparedwiththoseinuntreatedSH－  
SY5Ycells（Fig．1・A）．  
Afterincubation with TGfor20・hours，CaSPaSe－3activity signi丘cantlyincreased  
comparedwiththatofuntreatedcontroIcells．WhenSH．SY5Ycellswerepretreated  
withpropohl（1，5LIM）ordexmedetomidine（1，10，100nM）fo1lowedbythetreatment  
WithTGfor20－hours，theincreaseincaspase．3activitywassignificantlysuppressed．  
This showed thatpropofo1or dexmedetomidineinhibited apoptosisinduced by TG．  
However，Pretreatment With dexmedetomidine at high concentration promoted ER  
StreSS－inducedapoptosis．  
I）exmedetomidine■s e脆cts can beinhibited by the high1y specific（12－adrenocepter  
antagonistatipamezole14）．Whenatipamezolewasincubatedbe氏〉reCO－treatmentwith  
dexmedetomidine（10nM）and TG，the caspase．3activity significantlyincreased  
comparedwithTG＋dex（10nM）treatedcells（Fig．1．B），Thisresearchsupportedthat  
protective efEbct ofdexmedetomidine on ER stress・induced apoptosis wasindicated  
throughcL2．adrenoceptor．  
UnderTG－inducedERstress，treatmentWiththecombinationofprop＋dex（10nM）  
showedtendencytos11ppreSSionthanpropofolordexmedetomidinetrea七ment．（Fig．1－  
C）．  
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Fig．2showsthechangesincaspase－4activityinSH－SY5Ycells．TreatmentwithTG  
resultedinsignificantincreaseincaspase・4activityandtheincreasewassigmificantly  
suppressedbypretreatmentwithpropofo1（1pM）ordexmedetomidine（1，10，100nM）．  
Similartoourpreviousstudy9），PrOPOfo1treatmentsigni丘cantlydecreasedcaspase・4  
aetivity．Whenatipamezolewasinc11batedbeforeco－treatmentwitlldexmedetomidine  
（10nM）andTG，CaSpaSe・4activitywassignificantlyincl・eaSed（Fig．2・A）．  
UnderTG・inducedERstlleSS，treatmentWiththecombinationofprop＋dex（10nM）  
showedtheintensel・SllPPreSSionthanpl・OPOfolordexmedetomidinetreatment（Fig．2一   
B）．  
CmPノbl′巳J  
Fig．3showsthechangesinCHOPlevelinSH－SY5Ycells．TreatmentwithTGresulted  
insigni丘cantincreaseinCHOPlevelandtheincreasewassignificantlysuppressedby  
pretreatmentwithpropofo1（1pM）ordexmedetomidine（1，10，100nM）．UnderTG－  
inducedERstress，treatmentWiththecombinationofprop＋dexshowedthestronger  
suppressionthanpropofolordexmedetomidine（10nM）treatment．Whenatipamezole  
WaSincubatedbeforeco－treatmentWithdexmedetomidine（10nM）andTG，CHOPlevel  
WaSSignificantlyincreased．  
一・〃：1り，／いヅ／…：l・′¶ム・JJ  
Fig．4．shows the phosphorylation of eIF2cLin SH．SY5Y cells．The eIF2cIShowed  
SignificantlylnCreaSedphosphorylationin TG．treated cells，Which was slgni丘cantly  
SuPpreSSed bypropofolor dexmedetomidine orcombination ofprop＋dex．UnderTG．  
inducedER＄treSS，treatmentWiththecombinationofprop＋dex（10nM）signi丘cantly  
SuPPreSSed the ER・StreSS，COmpared with propofolor dexmedetomidine（10 nM）  
treatment．Whenatipamezolewasincubatedbeforeco・treatmentWithdexmedetomidine  
（10nM）andTG，thephosphorylationofeIF2（1Signi鮎antlyincreased，aSCOmParedwith  
co・treat，ment，Wit，hdexmedetomidineandTG．  
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α1／旺P  
I）exmedetomidine binds to the α2・adrenoceptor thatis coupled through the Gi  
mechanismandinhibitsadenylylcyclaseactivityanddownregulatescAMPhrmation15）．  
In thefo1lowlng eXPeriments，Weinvestigated whether the cAMPisinvoIvedinthe  
protective effects．Pretreatmentwith dexmedetomidine（10，100nM）signi丘cantly  
decreasedcAMPlevelsinTG・inducedERstressofSH．SY5Ycells．Whenatipamezole  
WaSincubatedbeforeco．treatmentwithdexmedetomidine（10nM）andTG，thecAMP  
levelsigni丘cantlyincreased，aSCOmParedwitllCO－treatmentWithdexmedetomidineand  
TG（Fig．5），Aspropofo1didnotaltercAMPlevel，theresultssuggestedthatcAMPisnot  
invoIvedintheprotectivee飴ctsofpropofo1．  
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Wenextinvestigatedthee脆ctofpretreatmentwithpropofo1，dexmedetomidineorthe   
COmbinationofprop＋dexon［Ca2＋］iinTG・inducedERstressofSH－SY5YcellsbyMeta  
XpressImagesAcquisition．  
【Ca2＋］ilevelsinTG－treatedcellselevatedandmaintainedhighlevelof［Ca2十］i，While  
Pretreatmentwithpropofblordexmedetomidineorthecombinationofbothsuppressed  
thiscontinuousrising（Fig・6）・Wepreviouslydescribedpropofo1treatmentsigni丘cantly  
inhibitedtheactionofTGfromtheearlyphase，andwespeculatetllatPrOPOfolinhibited  
the release of Ca2＋ 丘om the ERinduced by TGlO）． Pretreatment with  
dexmedetomidine（10nM）signi且cantly suppressedcAMPlevelsinTG・inducedER  
StreSS Ofcells（Fig・5）・Pre・incubationwith membrane－Permeable adenylylcyclase  
inhibitorddAdo（100pM）showedthefurthersuppressionof［Ca2・】ilevelscompared  
With co・treatedwithdexmedetomidineandTG，Therefore，therepressionofthe［Ca2＋］i  
levelbydexmedetomidinehasbeenshowntomediateadecreaseinthecellularcAMP  
levels．  
10   
Discussion  
In this study，We Showed that the combination ofpropofbland dexmedetomidine  
SuPPl・eSSedER・Stl・eSSmediatedapoptosisinSH．SY5Ycells．WhenSH・SY5Ycellswere  
treated with the combination ofprop＋dex，ER＄treSS－mediated apoptosis was more  
SupPreSSed compared to treatment with propofolor dexmedetomidine，reSPeCtively．  
Especially，COmbinationoflトLMpropofo1andlOnMdexmedetomidinehadthestrongest  
neuroprotectivee脆cts．   
Typically，Patientsreceivel－2，5mg／kgpropofo1asanintravenousbolusinJeCtionfor  
theinductionofgeneralanesthesia．Whenweusetargetcontrolinfusion（TCI）pump，  
the target plasma concentrationfor maintenance ofpropofblis usually controlled  
between2．0－5．Opg／ml，However，PrOPOfo1wasextensivelybound（mean：97－98％）tothe  
plasmaprotein，Fiftypercentwasboundtoerythrocytesand48％toserumPrOteins，  
almostexclusivelytohumanserumalbumin．Propofol丘・eefractioninbloodwasl．2－1．7％  
attotalconcentrationsrangingfromO．5to32pg／ml16）．  
Whendexmedetomidinewasadmini＄tratedbyaloadingdoseofinjectionwith  
O．2－0．83pg／kgnl，thepatientsinthissettingcouldobtainane飴ctivedexmedetomidine  
concentration of O．22・2．50 ng／ml（1．1・12，5 nM），Furthermore，the plasma  
dexmedetomidine concentration was moderately correlated with the administered  
dosage17）．  
Therefore，COnCentrationsofpropofol（1pM）anddexmedetomidine（10nM）thatweused  
inthisstudyaresimilartoserumconcentrationofclinicaluse，itisspeculatedthatthis  
combinationofprop（111M）＋dex（10nM）mayshowtheneuroprotectivee飽ctsincllnical  
uSe．  
TGdecreasedCa2＋flowintoER放・OmCytOPlasmandreducedCa2＋concentration  
inER．WhenCa2＋concentrationinERisreduced，misfo1dedproteinisincreasedand  
CauSeSER．stress．TheadaptiveresponsetoER－StreSSistheUPR．WhentheUPRprocess  
WOrksnormally，OVerloadofabnormalproteinsontheERisreducedandce11canadapt  
to theinvasiveincidents．However，uPOn eXCeSSively severeinvasiveincidents，Cells  
CannOtbeadaptedandapoptosisisinducedviaER－StreSS．  
ER．stressisindllCed atseveralsituationssuchasischemia／reperfusion，traumaand  
manyneurodegenerativediseases，SOtherearemanybenefitstosuppressER．stress．  
Inourperviousstudy，TGtreatmentwassuitabletogenerateER－StreSS，SOthatwe  
decidedtouseTGwasthemostappl・OPriate丘〉rOurStudylO），  
Propofo1iswidelyusedasanintravenousanestheticandsedativeagent．The  
reseArchers treated the human glioblastoma cells with300．500pM propofo1and  
observedtheincreasein［Ca2＋］iandtheyreportedpropofblpromotedapoptosisindose－  
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dependentmannerin24hours18）．Theotherresearcherstreatedhumanpromyelocytic  
leukemiacellswith150－250LtMpropofo1andonandafter5hours，theyobservedthe  
activationofcaspase－3toinduceapoptosis19）．However，treatmentWithpropofo1ata  
Clinically relevant concentration showed neuroprotective e晩cts，Propofo1protects  
nerve，Pulmonary epithelial，VaSCular endothellaland kidney cells20－22）．We have  
previouslyreportedthatpropofo1（5pM）suppressedtheER・StreSS・inducedapoptosis  
byinhibitionoftheCa2＋release丘omER10）．  
Dexmedetomidineis a potent and highly selective a酢）nist of the（12・  
a，drenoceptorsonthehumanbrain，includingclinicalsedation，aneSthetic－SParlngeffbcts，  
and analgesia23）．Recent studyindicated that dexmedetomidine also exhibits  
neuroprotectionagalnStischemiclnJury24）andpromotessurvivalofnervoustissuethat  
has suffered traumaticinJury25）．However，a Studyin neutrophils has shown that  
treatmentwith high concentration of dexmedetomidine（100 ng／mL：499，3 nM）  
acceleratedapoptosis，aClinica11yrelevantCOnCentrationofdexmedetomidine（1ng／mL：  
4．993nM）didnotaffectneutrophilapoptosis26），InthisERstressmediatedapoptosis  
study，treatmentSWithdexmedetomidine（10，100nM）showedthenetlrOPrOteCtiveeffect．  
Moreover，WeindicatedthatpretreatmentwithlOnMdexmedetomidinesignificantly  
decreased the TG－Stimulated［Ca2＋】ielevation，Pre・incubation with membrane・  
permeable adenylylcyclaseinhibitor ddAdo（100pM）and showed thefurther  
suppressionof［Ca2＋】ilevelsinco・treatedcellswithdexmedetomidineandTG（Fig．6）．  
TlleneurOPrOteCtivepropert，iesofdexmedetomidinehavelargelybeenattributedtoits  
agonistactionsatc12－adrenoceptors27・28）  
Theα2adrenoceptoriscoupledtoaGiproteincomplex，Whichinhibitsadenylyl  
CyClase，andCa2＋ionchammels．Theres111tofα2・adrenoceptoragonistbindingisreduced  
cAMP prodllCtion and decreased［Ca2＋］i．Under ER stress，treatment With  
dexmedetomidine（10，100nM）significantlydecreasedcAMPlevels（Fig．5）．Agonist  
Stimulationofpostsynapticα2．adrenoceptormediatesthesedativeandanalgesice鮎ct  
29）．Theneuroprotectivepropertiesofdexmedetomidinehavebeenalsoattributedto  
itsagonistactionsat（12・adrenoceptorsinERstressmediatedapoptosis．  
In this study，treatment With the combination ofprop＋dex at a clinically  
relevantconcentrationshowedthestrongestneuroprotectivee晩ctagalnStTG・induced  
ER－StreSSmediatedapoptosis．Asmentionedabove，theneuroprotectionofcombination  
ofprop＋dexagainstERstressmediatedapoptosisiscausedreductionof［Ca2十］i．That  
is，PrOPOfo1inhibits the Ca2＋release＆omERlO），and dexmedetomidine binds to cL2－  
adrenoceptorsandthendecreasestheintracellularcAMPlevels．  
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DexmedetomidinehasimidazolederivativestruCtura11yandbindstonotonly  
CL2・adrenoceptor but alsoimidazoline receptor30）．Therefore，itis necessary to  
demonstratewhethertheneuroprotectionofdexmedetomidinemediatesanimidazoline  
receptoraswellas（12・adrenoceptor．Furtherdetai1edstudyisrequiredtodetermine  
howtheneuroprotectionoccursinthecombinationofpropofo1anddexmedetomidine．  
CombinationofthesetwodrugsisuseablebecallSeWeCanreducethedoseof  
PrOPOfo1，Whichhasrespiratorysuppression，andmaycausePRISandkeepadequate  
Sedationlevel，Wecannotapplythisresulttohumanwithoutfurtherstudyinvitro，in  
thefuturecombinationofpropofo1anddexmedetomidineisusabletoprotectnervetissue  
underthesituationwhichcausesER－StreSSSuChasischemia／reperfusion，traumaand  
neurodegenerativediseases．  
Conclusion  
We havefound thatthe combinationofpropofo1anddexmedetomidine hasa strong  
PrOteCtive effect on ER－StreSS mediated apoptosisin SH－SY5Y cells． The  
neuroprotectionbycombinationiscausedbythefactsthatpropofo1inllibitsthe Ca2＋  
releasefromERanddexmedetomidinebindstoc12－adrenoceptorsandthendecreasesthe  
cAMPlevelsand［Ca2＋］i，  
Aut，hors’contribution日  
MS，MI，TO，ORandSFcarriedoutalltheexperiments．MS，MIandMTdesigned  
experiments．MSandMTwrotethepaper．KOdirectedthestudy．A11authorsreadand  
approvedthe負nalmanllSCript．  
Listofabbrevations  
Endoplasmicl・eticulum（ER）  
Intensivecareunit（ICU）  
Propofo1infusionsyndrome（PRIS）  
Unfo1dedproteinresponse（UPR）  
Thapsigargin（TG）  
2’，5’－dideoxyadenosine（ddAdo）  
Fetalbovineserum（FBS）  
C／EBPhomologousprotein（CHOP）  
CyclicAMP（cAMP）  
Conflictofintereststatement  
Theauthorsdeclarethattherearenoconnictsofintel・eSt．  
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Figure Legends 
Figurel．Measurementofcaspase・3activity   
Caspase－3activitiesweremeasuredusingthepeptide＄ubstrate（DEVI）－AFC）．  
仏）ComparisonofcontroIcellswithpropofbl（1，5，1011M）011dexmedetomidine（1，10，  
100，1000nM）oncaspase・3activitywithoutTGinSH－SY5Yce11s．  
（B）Thee鮎ctofpropofol（1，5，10pM）anddexmedetomidine（1，10，100，1000nM）on  
CaSPaSe・3activityinTG・treatedapoptoticSH・SY5Ycellswasexamined．Atipamezole  
（c12inhibitor）wasincubatedbeforeco・treatmentWithdexmedetomidine（10nM）andTG  
（111M）．  
（C）Pretreatmentwithcombinationofprop（1pM）＋dex（1，10，100nM）beforeTG－induced  
ERstress．Eachvaluerepresentsthemeanj＝S．E．M．ofll－59samples．   
a：statisticaldifferencecalculatedversusIpMTG・treatedcells（p＜0，05）   
b：statisticaldi脆rence calculated vers11SlpM TG＋1pM propofo1treated cells   
b＜0．05）   
C：statisticaldifference calculated versuslpM TG＋1000nM dexmedetomidine   
treatedcells（p＜0．05）   
d：statisticaldi脆rencecalculatedversuslpMTG＋10nMdexmedetomidinetreated   
cells（p＜0．05）   
＃：statisticaldi鮎rencecalculatedversuscontroIcells（p＜0．05）  
Figure2．Measurementofca8PaSe・4activity  
Caspase．4activitiesweremeasuredusingthepeptide＄ub＄trate（LEVI）－AFC）．  
（刃  Thee飽ctofpropofo1（1，5，10匹M）anddexmedetomidine（1，10，100，1000nM）  
OnCaSPaSe・4activityinTG・treatedapoptoticSH・SY5Ycellswasexamined．Atipamezole  
（cL2inhibitor）wasincubatedbeforeco・treatmentWithdexmedetomidine（10nM）andTG  
（1pM）．  
（B）   Pretreatmentwithcombinationofprop（1pM）＋dex（1，10，100nM）beforeTG－  
inducedERstress．Eachvaluerepresentsthemean土S．E．M．of9－63samples．  
a：statisticaldi鮎rencecalculatedversusIpMTG・tl・eatedcells（p＜0．05）  
b：statisticaldi鮎rencecalculatedversuslpMTG＋1pMpropofo1treatedcells（p＜0．05）  
C：statisticaldif艶1・enCeCalculatedversuslpMTG＋1000nMdexmedetomidinetl・eated  
cells（p＜0．05）  
d：statisticaldi鮎rencecalculatedversuslpMTG＋10nMdexmedetomidinetreatedcells  
（p＜0．05）  
Figure3．DetectionofCHOP  
17   
CHOPlevelwas examined11Sing ELISA kit．The e鮎ct of propofo1（1pM）and  
dexmedetomidine（1，10，100nM）oncHOPlevelinTG－treatedapoptoticSH－SY5Ycells  
was examined．Atipamezole（cL2inhibitor）wasincubated before co・treatment With  
dexmedetomidine（10nM）andTG（1pM）．Eachvaluerepresentsthemean土S．E．M．of  
6－30samples．  
a：statisticaldi飴rencecalculatedversusIpMTG・treatedce11s（p＜0．05）  
b：statisticaldifEbrencecalculatedversuslllMTG＋1pMpropofo1treatedcells（p＜0．05）  
C：statisticaldiffbrencecalculatedversuslpMTG＋10nMdexmedetomidinetreatedcells  
（p＜0．05）  
Figure4．DetectionofphosphorylationofeIF2u  
PhosphorylationactivityofeIF2cIWaSeXaminedusingELISAkit．Theeffbctofpropofo1  
（1pM）anddexmedetomidine（1，10，100nM）oneIF2cLPhosphorylationinTG－treated  
apoptoticSH－SY5Ycellswasexamined．Atipamezole（cL2inhibitor）wasincubated  
beforeco・treatmentWithdexmedetomidine（10nM）andTG（1pM）．Eachvalue  
representsthemeanj＝S．E，M，Of6－28samples．  
a：statisticaldi脆rencecalculatedversuslllMTG．treatedcells（p＜0．05）  
b：statisticaldi飴rencecalculatedversuslllMTG＋1pMpropofo1treatedcells（p＜0．05）  
C：statisticaldi飴rencecalculatedversusIpMTG＋10nMdexmedetomidinetreatedcells  
（p＜0．05）  
Figure5．Mea＄urementOfcAMPlevel  
CAMPlevelwas examined using ELISAldt．The effect of propofo1（1pM）and  
dexmedetomidine（1，10，100nM）oncAMPlevelinTG・treatedapoptoticSH－SY5Ycells  
was examined．Atipamezole（cL2inhibitor）wasincubated before co・treatment With  
dexmedetomidine（10nM）andTG（1pM），Eachvaluerepresentsthemeanj＝S．E．M．of  
6－10samples．  
a：statisticaldi鮎rencecalculatedvel・SuSlllMTG・treatedcells（p＜0．05）  
b：statisticaldi鮎rencecalculatedversuslllMTG＋1pMpropofo1treatedcells（p＜0．05）  
C：statisticaldifferencecalculatedversuslllMTG＋10nMdexmedetomidinetreatedcells  
（p＜0．05）  
Figure6．Measurementof［Ca2＋】ilevels  
Levelsof［Ca2＋］iwereanalyzedusingaFLIPRCalcium5AssayKit．Alterationsin  
【Ca2＋】ilevelsinSH－SY5YcellstreatedwithTG（111M）orTG（1pM）＋propofo1（1pM）or  
TG（1pM）＋dexmedetomidine（10nM）orTG（111M）＋ddAdo（100pM）＋dexmedetomidine（10  
18   
nM）wel・emeaSured．  
仏）Photographs showalterationsin［Ca2＋］ilevel＄in SH－SY5Ycells．White ofthe   
brightnessareashowslligh［Ca2＋］ilevelsinSH－SY5Y  
（B）Eachvaluerepresentsthemeanj＝S．e．m．Of30plates．Valuesareexpressedas   
PerCentageSinfluorescenceintensitybeforetreatment．   
☆：statisticaldiffbrencecalculatedversuslpMpropofbl，10nMdexmedetomidine  
orProp＋dex－treatedcells（p＜0．05）．  
＃：statisticaldi飴rence calculated versuslllM TG＋10nM dexmedetomidine  
treatedcells（p＜0．05）  
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